In previous investigations it has been shown that glycolytic activity (formation of lactate from glucose) and hexokinase activity decreased significantly in the mucosa of the small intestine of rats after 24-36 hr. of starvation (Srivastava & Hiubscher, 1966; Srivastava, Shakespeare & Huibscher, 1968) . On re-feeding with a diet of commercial rat cake, both activities returned to the values observed in fed control rats.
The present work was undertaken to determine whether a specific component of the rat cake was responsible for the return of glycolytic and hexokinase activities in the intestinal mucosa. This tissue is unique in that it may obtain its supply of nutrients from either the lumen ofthe small intestine or the blood. Consequently, experiments were carried out to see if the route of administration of the dietary components was of importance in relation to the reappearance of glycolytic and hexokinase activities.
MATERIALS AND METHODS Animals. For one experiment (see Table 1 ), female rats of the Wistar strain were used. Subsequently an infection occurred in the Departmental Wistar colony. For this reason female rats of the C.F.E. strain weighing 200-250g. were used in all other experiments. These rats were purchased from Carworth Europe Research Laboratories, Alconbury, Hunts. After arrival they were kept for at least 1 week to adjust to the new environment before being used for experiments. Diet&. All Re-feeding was carried out by intubation over a 2 hr. period. The selected diet (5 ml.) was given at 0, 55 and 110min., and 10min. after the last intubation the rats were killed by a blow on the neck. Control starved rats were given tap water under identical conditions. Control fed rats were allowed ad libitum Spillers Autoclaved Laboratory Small Animals Diet during the starvation and intubation periods.
Feeding by intravenous injection. Starved rats were injected via the tail vein over a period of 2hr. with three 0-6ml. doses of a 45% (w/v) solution of glucose in demineralized water. The time-intervals were the same as those used for intubation.
Preparation of subcellular fractions. Collection of mucosal scrapings and homogenization were carried out as described by Hiibscher, West & Brindley (1965) , except that the medium used throughout was 0-15M-KC1 containing 2mM-dithiothreitol and 5mM-tris-HCl buffer, pH7-4. This medium was used rather than 0-3M-sucrose (Hubscher et al. 1965) , as the latter interfered with determinations of hexokinase activity and endogenous glycolysis.
Incubation in vitro of sacs of the small intestine. Because the proximal half of rat small intestine is known to have a higher hexokinase activity than the distal half (Hanninen & Hartiala, 1964) , the former was isolated and irrigated with 0.9% NaCl. The intestine was tied off at both ends after having been filled with 5ml. of Krebs-Ringer phosphate buffer, pH7-4 (Umbreit, Burris & Stauffer 1959) , with or without glucose as detailed in Table 4 . Each sac was placed in a flask containing 50ml. of Krebs-Ringer phosphate buffer aeratedwith 02+0C2(95: 5) andincubatedat 370 with continued gassing. At the end of the incubation, luminal contents and mucosal scrapings were combined with 5 ml. of homogenization medium (see above). Subsequent homogenization and fractionation were done as indicated above.
Assay of hexokinase activity and of glycolysis. These were carried out as described by Srivastava & Hubscher (1966) and Srivastava et al. (1968) .
Determination of glucose. This was carried out by the glucose oxidase method. Details of the method, as well as the reagents, were obtained from C.F. Boehringer und Soehne G.m.b.H., Mannheim, Germany.
EXPERIMENTAL AND RESULTS
The shortest period of re-feeding employed in previous studies was 6hr. (Srivastava & Hubscher, 1966) . A more detailed study was made of the minimum re-feeding period required to regain full glycolytic activity in the intestinal mucosa of previously starved rats. A period of 2hr. was found to be sufficient (see Table 1 ); this was therefore chosen for subsequent experiments.
A check was also made on the purity of the mucosal scrapings with respect to contamination by the muscularis mucosae. This seemed necessary in view of the report of Katzen & Schimke (1965) , who stated that the small intestine of rats contained approximately equal amounts of hexokinase types I and II, whereas we found that rat intestinal mucosa contained almost exclusively type II hexokinase (Srivastava et al. 1968 ). The selective heat-stability of the type I hexokinase reported for various tissues (Katzen & Schimke, 1965; Walters & McLean, 1967; McLean, Brown, Walters & Greenslade, 1967) , including the intestinal mucosa of rats and guinea pigs (Srivastava et al. 1968) , was used as a criterion for differentiating hexokinase type I from type II (see Fig. 1 ). The particle-free supernatant prepared from homogenates of the whole small intestine contained hexokinase types I and II in the ratio 40:60, whereas for the same subcellular fraction prepared from the intestinal mucosa and from the remainder of the scraped small intestine the ratios The effect of dietary composition on the restoration of hexokinase activity in the intestinal mucosa of starved rats was studied with glucose, amino acids and partially hydrolysed glyceride rather than with starch, proteins and triglyceride, so as to minimize any differences that might have arisen through possible changes in amounts of digestive enzymes in starved rats as compared with fed ones. The diets were given by stomach tube, thus ensuring that the same caloric amount of each diet was *~ingested by each rat.
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The results of the feeding experiments are given v in Table 2 , in which glycolytic and hexokinase activities are expressed in terms of the total activity present in the particle-free supernatant (6 000 OOOg-G6 66c. 
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Intestinal preparations obtained from rats that had been starved and then re-fed with glucose or a diet containing glucose showed a high rate of lactate formation in the absence of any added substrate 6 6 Zi (see Table 2 ). As the small intestines were V V thoroughly irrigated with a glucose-free medium before mucosal scrapings were collected it is Nt ss + unlikely that the endogenous glycolysis was due to 6 6°g lucose that had remained in the lumen of the small +1 +1 + Nt ee 4 intestine. Instead it seems likely that the high rate -_-cs of endogenous glycolysis was due to a high glucose content of the intestinal mucosa.
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The experiments described suggest that glucose <= is specifically required for a return to normal of the B > B B hexokinase activity in the mucosa of starved rats.
e e eThe experiment shown in Table 3 indicates that, -.p,i .. to be effective in restoring hexokinase activity, ,4 ;.4 s. glucose should be given orally rather than intraw venously. Thus hexokinase and the rate of forma-"t .6 "t 'n t tion of lactate from glucose remained unchanged in Table 4 . Changes of hexokinawe activity in vitro
The proximal half of rat small intestine was incubated for 90min. in Krebs-Ringer phosphate buffer, pH 7-4, with or without glucose as indicated. In all eases the medium was gassed with 02+0C2(95:5) and the temperature was 37°. The results are given as means+ S.D. for six rats (supernatant) and for four rats (homogenate). The same preparation was used to provide both homogenate and supernatant. Values in parentheses are significance levels for the difference between the particular measurement and the equivalent measurement for the 'fed ad lib.' value. The DNA content of the preparations was measured to assess changes in cellular content of the intestine.
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Dietary status Fed ad lib. given intravenously was approx. 75 % of that administered by stomach tube, if allowance is made for the glucose remaining in the stomach and lumen of the small intestine at the end of the intubation period. Blood glucose concentrations rose from 54 + 5mg./lOOml. (mean + S.D. for three rats) observed in starved animals to 128 + 21 mg./lOOml. (mean + S.D. for six rats) in injected animals at the time of killing. Although determinations of blood glucose were not carried out at intermediate times, the amount of glucose injected per rat was high enough to have resulted in elevated blood sugar concentrations throughout the 2hr. period (Scow & Cornfield, 1954; Halmi, Hass, Widner & Spirtos, 1957; Chernick & Scow, 1958; Mertz & Schwartz, 1959) .
The fact that glucose present in the lumen of the small intestine, rather than blood glucose, was responsible for the increase of hexokinase activity suggested studies with the surviving organ severed from its blood supply. Sacs of the small intestine from starved rats were therefore filled with KrebsRinger phosphate buffer or with this buffer containing 50mM-glucose. The results are shown in Table 4 . The hexokinase activity present in the particle-free supernatant prepared from the intestinal mucosa of starved rats increased, after incubation ofsacs ofthe whole intestine in a medium containing glucose, to the value observed in the corresponding preparation from fed rats. The hexokinase activity of total homogenates was also determined and in all cases no significant changes were observed.
DISCUSSION
The change of hexokinase activity during starvation and re-feeding reported previously (Srivastava et al. 1968 ) and confirmned in this investigation is also seen in other mammalian tissues (Katzen & Schimke, 1965; Weber, Lea, Fisher & Stamm, 1966; Hansen, Pilkis & Krahl, 1967) . However, whereas for the adipose tissue of starved rats a re-feeding period of at least 24 hr. was required to restore hexokinase activity to the value observed in fed animals (Hansen et al. 1967) , the corresponding period for the intestinal mucosa of rats was found to be only 2hr.
Glucose, but not amino acids or a mixture of a long-chain fatty acid and a monoglyceride, was effective in increasing hexokinase activity in the intestinal mucosa of rats. However, although there was a specific requirement for glucose, dietary glucose is known to influence, not only hexokinase activity, but also the activity of several other enzymes. For example, the feeding of rats with a glucose-rich diet for 4 weeks brings about increases in the activities of eight out of 16 liver enzymes tested (Baldwin, Ronning, Radanovics & Plange, 1966) . The enzymes whose activities increased were: glucose 6-phosphate dehydrogenase (EC 1.1.1.49), 6-phosphogluconate dehydrogenase (EC 1.1.1.44), glucokinase (EC 2.7.1.2), glyceraldehyde 3-phosphate dehydrogenase (EC 1.2.1.12), acetylCoA synthetase (EC 6.2.1.1), ATP citrate lyase (EC 4.1.3.8) and NADP-specific malate dehydrogenase (decarboxylating) (EC 1.1.1.40). The activities of the last two enzymes as well as pyruvate kinase (EC 2.7.1.40) were found to increase when rats were prematurely weaned on to a glucose-rich diet (Vernon & Walker, 1968) .
Glucose is not the only factor influencing hexokinase activity in tissues. The decreased hexokinase activity of heart, diaphragm and skeletal muscle from diabetic rats can be restored to normal by administration of insulin (Katzen, 1966) . Similarly, the lowered hexokinase activity of epidydimal fat pads of starved or alloxan-diabetic rats could be brought back to the values observed in fed or untreated animals by re-feeding or by insulin administration (Hansen et al. 1967) . A lack of insulin prevents an increase of hexokinase type II, which normally develops in rat mammary glands during the lactation period (Walters & McLean, 1967) . Moreover heart, skeletal muscle, adipose tissue and mammary gland contain mainly hexokinase type II (Katzen & Schimke, 1965; Grossbard & Schimke, 1966; Walters & McLean, 1967) and are in this respect similar to the intestinal mucosa of the rat. A synergistic effect of insulin and glucose was demonstrated in vitro with preparations of epidydimal fat pads of starved rats (Borrebaek, 1966; Hansen et al. 1967) . Hexokinase activity could be increased by incubation with glucose and insulin, whereas glucose or insulin alone caused a significantly smaller increase. In our study, restoration in vitro of hexokinase activity in the intestinal mucosa of starved rats, to the value obtained with preparations from fed rats, was achieved in the absence of insulin. It therefore seems that insulin was not required and that the intestinal mucosa is in this respect different from epidydimal fat pad. The experiments in vitro described in this investigation refer merely to an increase of hexokinase activity, and no conclusions should be drawn with regard to the possible mechanisms involved in this increase of activity. However, since the increase of hexokinase activity depended on the presence of glucose in the incubation medium it is worth remembering that in the presence of Na+ ions the intestinal epithelium is freely permeable to glucose via the brush border of the cell (Alvarado & Crane, 1962) , whereas glucose uptake into adipose tissue is known to be stimulated by insulin (Hernandez & Sols, 1963; Morgan, Henderson, Regen & Park, 1961) .
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